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(71) We, .ROBERT EOSCH GMBH, a 
German .Compaq, of J?ayfeah 50,. 7 Stutt- 
gart 1> &ermaoy, do hereby declare the inven- 
£i<m$ lor which we pray that a patent may be 
granted, to «s, and the method bv which it is 
ts fee performed, is lis potion iafiy bribed 
m m& hy: the faiknving statement i— 

The invention relates to a lens with control-. 
.Sable fecal length. 

... A lens having rapidly variable focal length 
sis repaired, far example, when it is required 
to cn'dcefttrats laser (an onto plane to 
fossis on the plane a focal point (barniaa; 
spot} of the peatm possible energy density 
15 and the greatest possible time-constancy af 
tSsat energy density, Since the focal point in 
MM h&tm> can have a diameter of only a 
small mnnbet of times the Wavelength, ths- 
sma]fest; alteration of the distance hetWem 
the focusing km and the. plane, such as results 
feorti e&traaeoas vibrations has s considerable 
influence on the energy density and the sixe 
of the focal point. It would ba possible with: 
a controllable lens of small inertia or reaction 
25 time to control the fees! length by means of 
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always coincides with the plane, therehv- mmn- 
mning a constant energy density fa the local 

30 point Other applications could he, for instance, 
carrying out a light modulation or obtaining a 
eontan% sharp representation of m object- 
is rapid' nsetion, on a plane, 
Optical lens systems with variable focal 

35 length are already •kaswtt nnder The names* 
"Yarloptik" or ''Gtmmultee''- these are 
systems which have a plurality of glass lenses 
relatively displacable to alter me focal.fetjgfh 
Of the system. This displacement is normally 

40 effected by means of a small electric motor, 
finch a system is useless for die applications 
described above because the mechanical 



inertia in displacements of this kind is 
too large. 

A single lens element with variable focal 45 
length is known in which at: least one bounds-ty 
surface insists of an elastic material and the 
i^Sracsmf ■medium of which surface is a ibid, 
Hold pressure feeing mamtallv variable by 
means of a rubber bulb Used en the end of a 50 
tube. This construction, however, is also sub- 
ject to high inertia. The invention seeks to 
provide an optical fens whose focal lefigth is 
alterable by means of a control sissnaf with 
the greatest possible absence of inertia,' for 55 
example, a relation time of one millisecond or 
less, 

Ae'cording to the present invention, Hx&t is 
provided an optical lens with electrically con - 
trollable focal length, conmrlsms: a housing 60 
having two openings constitati% an optical 
path through the housing, at least one of the 
.openings being covered by a transparent mem- 
hrarse, the fusing com&oing a fluid and a 
piezoelectric- element in contact with me Quid, 65 
the piezoelectric element being arranged such 
that, tut being subjected to a change in voltage, 
it changes in dimension so that the fold pres- 
sure exerted on the membrane is changed and 
the radius of curvature of the membra-se is 70 
thereby altered. 

In a preferred embodiment, the pkstoefcetric 
element is connected to an optically trans- 
parent body such as a glass plate, which is 
located m the optical path adjacent the menV 75 
braae and transmits the variations la dhnen- 
sjqbs of me piezoelectric element to the fj.ttk! 
sear the membrane, feferably, the ple-io- 
eleerxie element is formed as a hollow cylinder 
and & taetslMscd on its laser and outer sor- 80 
feee for the application thereto of the control 
voltage, 

iHte focal length of an optical leas of this 
tmmmfax can he varied la a very brief time 
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interval sad ia qolek succession by the ap|#- 
catisn el ait sua voltage m the e&etrodes of 
the piezoelectric element so Ifeat the disturb- 
ances dae to sirring* haying a ffsqneuey of 
kHz or greater, saa t» eoiflpsnsatsd by m 
a.e, voita«e potential of o«ieKpots&% : fre- 
qneney sad rospis.tude. & further jasefsi 
leveiopmem: of" the inveation h *a .pevide 
sh-> h<>-)«£34 v 5th a hoh-r opening In which 
10 a dssplaeeahla piston k located,, by displace- 
ment of which M Initial pre&arfc can he sat 
in the leas for selling the initial curvature; 
'of the inembrane< If this piston is equipped 
with a iae screw thread, the ftasd pressaas- in 
the Sens can fee asseassi^y sMv The 
cylindrical piezoelectric body exhibits ^Hgn*- 
sjerts.1 change in a radial dkeetiea. 

The material ft»: the dlaphragoj can consist 
of ..an elastic and transparent material,, such 
■sss:8. pollster. With a thickness of about ICO 
tm a membrane of this kind is sufficient*? 
elastic to follow the pressure, variations of the 
fluid virtually without inertia. 

In the manufacture of a membrane of this 
kind there is often produced a certain double 
refraction because of overstretching in a par- 
ticular direction. This double refraction can 
be used in certain cases to achieve simul- 
jasteoosiy the effect, with the variable tens, of 
a aasr^es^wave piste which i$ sometimes neces- 
sary m the optical path; this? can be desirable 
for Influencing the state of polarisation of 
the ■ light ferns. Silfehhe oil has proved a 
mk&iM M& far filling the tern, Tins refrac- 
tive index Of the M& at, as the esse may be, 
of the above-mentioned transparent glass plate, 
should be adjusted (or fixed) so that bath 
media have the tarns refractive index. 

The invention is further described by way 
of example, with reference to the accompany- 
ing drawings, in which I 

Figure 1 shows in see; ion the mechanical 
construction of a less according to the inven- 
tion, and 

45 Figure 2 shows an example of application 
of a lens according &» die invention. 

In Figure 1, a cvfiodricsl housing 1 has 
two ooeamss Z. and 3 far the through passage 
o£ a beam of light, id die opening 3 a 

SO transparent elastic membrane 5 Is stretched by 
two rings 4 ttv& 4a. A bellow cylinder of 
piezoelectric material 6, e.g. 
ts'tanate ceramic, is located 
and surrounds the optical path and is ; dbss d 

55 at its end adjacent' the menmrape 5 t>y a 
transparent glass plate 7. Both the inner and 
outer sides of die piezoelectric cylinder are 
rnetsllisedj the metallising being eqaipoed with 
electrical leads (dot shown), The space 

§0 bounded by the inner wail of the powm$ 1> 
the outer wall of 
§ and the. side of the' glass plate 
die membrane 5 is eempleMy Sited with a 
, fluid such as Miasm oil. A bote 8 is formed 

65 in tie wall of the housing 1 and receives a 
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. lead gircassmm 
in she h&uslag 



retracting power 
potential is applied t 
cviiadar $». the diameter an 



pressure screw 9 equipped with a piston W, 
Bv means of she pressure screw 5* aad the 
piston 10, the fluid pressare can be finely 
MjtiSted. If the pressare of the fluid is ratsed, 
the unsupported part of the membrane 5 
hul§s$ omwaxdly, white when ibe press«ie is 
lawaredx the earvassre of the membrane 3 
is sedaced, so that [im t-eMctinsr sower of 
the less is altered. If 
the pjego-eerami. . 

fengdv thereof is cither iscreased or decreased 
according to the polarit)' of the applied 
potential The alteration of the refractive 
power of the km is approximately propor- 
tional to the applied po&sitial The maslmam 
frequencv of the change in xdtmive power is 
limited- by the csssststion of resonant vibra- 
tions in the elastic membrane 5, la measuring 
the freqoencv ehasacteristics of a leas of. this 
kind it was discovered that the amphmde of 
refractive posv&r variation is ylttaaUy constant 
up to about 3K W klfe, sad that only above 
this freonescv do rsataral Yibratioas of : the 
membrane tome noticeable. It h f of course, 
possible to increase the nsimral vibration hmtt 
by the choice of a different msmbrane laatcrdal, 
a' differertt membfane dfickness or a diflereat 
membrane diameter. Since extraneous vibra- 
tions which reach optical apparatus through 
a supporting sarfaee such as a table surliace 
mostly having a frequency holow 
ah eftieseat eoaipensatiaa for disturbances pre- 
doeed tw estrntitcoas vibration can be achisyed 
with a lens according to the invention* 

The piezoelectric controlling element of the 
variable lens posses ait extremely sntaii 
inertia factor, since th mm of the: mobile 
central portion of the awbrana is very small. 
Figure 2 shows schematically and partly ^ in 
the form of ft eirealt diagrma a regulating 
device widi a variable tens. In. Fig. 2 a light 
beam U of small divergence, Is geaerated by 
a laser (not shown) and Is focussed upon the 
surface of record foil 13 by .means of focussing 
fens 12. The record fait 13 is advantageously 
a tape made of plasties material which is pro- 
vided with a metallic coating. When, the focal 
point formed by the lens. 12 strides the 
metallic coating the eoafing is barot away 
so that o transparent: track is prodeeed as d» 
tape roils past. 

The movement of the record foil 13 can 
fee mtermitte0t t so that me track is formed 
bv a plurality of rraosparent spots following 
each other In'scqnence to constitute a signal 

The surface of the record foil can become 
displaced out of the focal plane of the lens 
12 as a result of variations in thickness of 
the record foil and also as a result of 



„, H ». .., shoeka and changes m tempera- 

f die pfezo^ceramie cyiindeT tore, so mat the energy density of the focal 
\f th& gkss plate 7 aiisdonf. poitit of the laser beam is reduced and no 

burning el she metaiiic layer takes place. To 
avoid thlsj a beatn divider m the form of a 
semt-tmnsoarenr rahrar: 14, Is provided ..is. the 
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beam 11 which causes a portion of the light 
reflected back by the focal point on the record 
foil 13 to be diverted to form a control beam 
11a. The control beam 11a passes through a 
further semi-transparent mirror 18, a 
cylindrical lens 15 and a slit in a screen 16 
(wi then (mm $ photocell 17. The portion 
of the control ijsais reflected by the beam 
divider X§ enters a second photo-ceD 19. A 
vols age divider 20 is provided between, tfe 
photo-ceil IS and earth, a tapping of #h i£fc 
voltage divider cm be sec so that the output 
voltage of the photo-edl 18 is <$$M. to the 
output voltage of 'shit photo-cell 17, when the 
focal point at the laser beam 11 lies exactly 
•sjpos jsise surface of the record, foil ll 
Approbate e<|uaitty of the- output voltage k' 
aefneved by appropriate choice of the reflec- 
tion dsaracEerisdes of the Mm divider IS. 
The output voltages of the photo-cells 17 and 
!:§: axe fed to the input tesmiMls «? a dif- 
ferential amplifier 21, which cmpms these 
voltages and produces at its output a dif- 
ferential voltage which eaa be positive or 
negative depetidisg on the direction of dis- 
placement; of the surface of the record foil 
13. 

, The output voltage of the differential ampli- 
fier 21 is than fed to a power imjpliuer 22, 
which sapphes an ..output voltage up to £ IOC) 
volts'. This output voltage is connected to the 
input af a ebmrblishle' lens 23 constructed 
accordmg. to the aiventiea, such that the. 
reircctrve power and focal length of the less 
is varied in conformity with the alterations of 
the amplified differential voltage. The altera- 
tions in. the refractive power of the lens 23 
cause a displacement & z of the foes! point 
of the less 12 ia such a direction that the thV 
placainenf of the record foil 13, which has 
given rise to the differential voltage is awn- 
pe.asa.fed.. and the focal point is retained on the 
surface of the record foil 13. Depending oh 
wfcper the record Ml 13 was displaced: in 
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the said Sens is increased or reduced 
accordingly. 

la one practical example which was carried 
outran altera? ioa in refractive power was 
obtained: o.f '« value given by ; 
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with an alteradon of the control voltage of 160 
vofes, mdapenderudy of the reiraedve power 
which results at a control voltage of 6 ^olts. 

The optical system with the lejjs 12 shd 
the leas 23 oilers a range of adjustment from 
±50 m« with a focal length of M mm, y $hs 
system demands focussing with as gecesaey of 
1 or 2 m,!*, so thst the «se<*f a regulable teas 



according to the invention can make a con- 
siderable contribution towards reducing the 
mechanical requirements of the system. 

WHAT WE CLAIM IS: — 65 
. 1. Ah optical lens with electrically control- 
lable focal length, comprising a housing hawing 
■twd bplhfitgs constituting " an optical path 
throtigb the ; housing, at least one of the open* 
lugs being covered by a transparent merubrsoa, 70 
the housing: containing a Said and a piesso- 
eiecme ei^sem ia contact with the fluid, die 
piexodeetrie element being arranged sudtthat, 
oa bsiag subjected to a change is voltage, it 
changes in dimension so that the Enid ptss* 75 
sure exerted on the. membrane is changed and 
the radius of curvature of the membrane is 
thereby altered. 

2. A lens as claimed in claim 1 in which 

the piezoelectric element is connected to a 80 
solid, optically transparent body, lying in the 
eruieai path immediately adjacent the mem- 
brane to transmit dimensional change of the 
piezofilectTic element to the fluid volume near 
the membrane. 85 

3. A lens as claimed in claim 1 or claim 

2 in which the housing also consists of piezo- 
electric material, and is metallised on its inner 
and outer sides to accept a control voltage. 

4. A lens as claimed in claim 2 or claim 90 

3 in winch the housing is of ^Mtaal&Uj; 
cylindrical form having the openings at its 
ends, the-- piezoelectric element likewise 'being; 
cylindrical and encompassing the opeaftsg, 
remote from the membrane, "the solid body W 
being a transparent plate fixed onto the end 

of the cylindrical piezoelectric element adjacent 
the opening which is closed by the membrane. 

5. A lens as claimed in claim 4 in which 

the cylindrical piezoelectric element is radially 100 
polarised and metallised on its inner and outer 
sides and adapted to be connected to the oppo- 
site terminals of a source of control voltage, 

6. A lens as claimed In any preceding clatrs 

in which the housing has s hore is which a 105 
displaceable piston is located, displacement of 
the piston permitting initial setting of fluid 
pressure and membrane curvature. 

7. A lens as claimed in claim 6 in which 

the piston is equipped with a screw thread 110 
such that rotation of the piston causes longi- 
tudinal displacement thereof. 

8. A lens as claimed in any preceding claim 
in which the membrane is formed of a poly- 
ester. " 115 

9. A lens as claimed in any preceding claim 
in which the thickness of the membrane is 
about 100 mp. and the fluid is a silicone oil. 

10. A lens as claimed in claim 2 in which 

the refractive lades: of the solid body and of 120 
the Sutd are snostamialiy tymt 

11. A leus as olaimed in any preceding claim 
in which the mtnubraae has doubly refracting 
properties md has such a thickness that the 
phase difference between the two refracted 125 



1,327,503 



components of the beam corresponds to one 
quarter of the wavelength of the light when the 
beam is normal to the lens. 

12. A regufetaig am«g<a&e&t -far xfcgs&*Sng 
the pMiiiori of tJse i&mt peats of m optica! 
W' system with respect to a itecordthg: sor- 
lacs in a yeaMtng deftest in vM(h 3 light 
beara focpasseel by the said system records; s 
track oa the recoRlidg surface which Is isa^d 
relative to the light feata, in which the regu- 
lating au-angsrtient comprises a beata splitter, 
a. device for isifiueiicrng the; distance of the 
f&cal point from the recording snrfoce hv elec- 
trical : signals, a photocell, and a screening 
15 device, and "in itU&t the bcaxa. splitter is 
arranged so thai: a parr of the light beata 
reflected by the recording surface, and rostra-- 
lag through the jxuutf optical sptora, is 
detected bj< the photocell, the screerdng deyfe 
having f&em&itig means and a screen? wF"'" 
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allows a variable portion of the deviated light 
to strike she ghotocdj in dependoeeapos the 
position of the main: focal point: relative m the 
recordhag surface, mid the sigttal volsage takes 



the. device raSoisaeing the focal distastes, said 
devka for hjSnencisg the distance of tkvfocai 
point from the xseordiag earner jnchtasng 
m optfal fan-** damned hi- «Sy preceding 
elaitrt. 

13. An optical fens with electrically con- 
trollable focal length, contracted and adapted 



hereinbefore 
tad. as illustrated 



25; from the protocol! being arranged to control 1 949 to Patent tio. l^bU,iJ+. 
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to operate suhstasttally 
described with reference to 
in Fia- 1 of the- atrompaay&sg drawings, ^ 35 

14 A relating: arsutgefaent eosstraetsd 
arid «rr«n^ed aad adapted to operate sub* 
stamMtv as hereintel« descxihed mtft 
reference to aad as illustrated is the accom- 
panying drawings. 

W. P. THOMPSON & CO., 
Chartered Patent Agents, 
Coopers Building, 
Church Street, 
Liverpool, LI 3AB. 

Reference has been directed in pursuance 
of section 9, subsection (1) of the Patents Act 
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